The geographical distribution patterns of Chrysoteuchia Hübner in China are analysed with MaxEnt and ArcGIS based on known localities and nineteen environmental variables. The results suggest that southeastern China is a highly suitable area, and Bio11 (mean temperature of the coldest quarter), Bio12 (annual precipitation) and Bio18 (precipitation of the warmest quarter) are revealed to be the main variables affecting the present distribution patterns. Among them, Bio18 is the strongest predictor with a 24.3% contribution. Furthermore, a new species from Tibet is added to the genus, Chrysoteuchia landryi sp. nov., and the male of C. curvicavus is described for the first time. Images of adults and their genitalia are illustrated, and two maps showing the geographical distribution patterns of Chrysoteuchia in China are provided.
Introduction
Chrysoteuchia was erected by Hübner (1825) with Tinea hortuella Hübner, 1796 as the type species. Morphologically, Chrysoteuchia species are variable in wing pattern, but can be recognised with characters of the genitalia: in males, the well-developed sacculus is adorned with a projection while in females the papillae anales have a concave posterior margin, the posterior apophyses are slender, and the anterior apophyses are absent (Li and Li 2010) .
The genus has 35 species with Palearctic, Sino-Japanese, and Oriental distributions except for C. topiaria (Zeller, 1866) , which is endemic to the Nearctic region (Bleszynski 1965; Chen et al. 2001 Chen et al. , 2003 Inoue 1989; Landry 1995; Li and Li 2010; Li and Liu 2012) . In China, the genus has an exceptional diversity with 33 species (Li and Li 2010; Li and Liu 2012) . Prior to this study, most known localities of Chinese Chrysoteuchia were reported to occur in eastern China (Li and Li 2010) , but this geographical pattern was never analysed. In the analysis of geographical patterns, MaxEnt (Phillips et al. 2006 ) has been used previously as an effective model for predicting the potential distribution of various taxa (Li 2017 (Li , 2018 (Li , 2019 . In the present paper, we employ MaxEnt and ArcGIS to analyse the distribution of Chrysoteuchia in China. We also describe a new species from Galongla Snow Mountain, Tibet.
Materials and methods
All specimens were collected at night with a mercury-vapour lamp. The specimens were hand-collected alive and killed with vapours of ammonium hydroxide prior to mounting and spreading as shown in Landry and Landry (1994) . The morphological terminology follows Landry (1995) . Illustrations of adults and genitalia were prepared with a digital camera attached to a Zeiss SteREO Discovery V12 microscope and to an Optec BK-DM320 microscope, respectively.
The potential geographic distribution of Chrysoteuchia was predicted using MaxEnt (Phillips et al. 2006 ) based on known localities from the literature (Bleszynski 1965; Chen et al. 2001 Chen et al. , 2003 Li and Li 2010; Li and Liu 2012) and the collection localities of the specimens examined in this study (see Suppl. material 1: Table S1 ); nineteen environmental variables (Table 1) were retrieved from the WorldClim database (http://www.worldclim.org) at a resolution of 2.5 arc-min (Hijmans et al. 2004) . MaxEnt was set with 10,000 as the maximum number of background points and 75% training data. The relative importance of each variable was evaluated by contribution in percentage. The cartographic illustrations were created using ArcGIS 10.1. The logistic values of potential habitats were set to 0-1.
Results

Geographical patterns of distribution of Chrysoteuchia
The geographical patterns of distribution of Chinese Chrysoteuchia were analysed with MaxEnt based on all the known localities in China (Suppl. material 1: Table S1 ) and nineteen environmental variables (Table 1) . Based on the results illustrated with ArcGIS ( Fig. 1) , we can recognise the mediocre and more suitable regions for Chrysoteuchia species, located in humid to semi-humid areas, generally called the monsoon regions in eastern China. Among the environmental variables, our statistics show that Bio11 (mean temperature of the coldest quarter), Bio12 (annual precipitation), and Bio18 (precipitation of the warmest quarter) are the main variables affecting the geographical distribution of the genus (Fig. 1 ). Among them, Bio18 is revealed to be the strongest predictor with a 24.3% contribution (Table 1) . We illustrate all the known collecting localities of the genus in China by mapping the strongest predictor, i.e. Bio18 (Fig. 2) . Dailing in Heilongjiang Province (129°02'E, 47°02'N) and Wuyishan in Fujian Province (116°42'E, 26°54'N) have the highest numbers of species (7 species) (Fig. 2) . The second and third highest species diversity at a single locality were found at Lijiang in Yunnan Province (100°14'E, 26°52'N) and Ningshan in Shaanxi Province (108°20'E, 33°19'N), with 5 and 4 species respectively (Fig. 2) . To further clarify the distribution patterns of the genus in China, we plotted the known numbers of species at every 5° between 20°N and 55°N (Fig. 2) . The detailed results for each region are as follows: 20°N-25°N (1 species), 25°N-30°N (22 species), 30°N-35°N (15 species), 35°N-40°N and 40°N-45°N (6 species each), 45°N-50°N (7 species), and 50°N-55°N (1 species). In suitable areas, the general tendency in species richness of the genus decreases as the latitude increases. In addition, the suitable habitats and almost all known localities of the genus are located in the regions with 310-867 mm precipitation of the warmest quarter, which is supported by the response curve of Chrysoteuchia to Bio18 (Fig. 2) . Thus, there is a high correlation between the distribution patterns of the genus and Bio18. Paratypes: 2 ♂♂, 2 ♀♀, same data as the holotype, genital prep. nos. LW15007, LW15059 (JXAUM).
Taxonomic account
Chrysoteuchia
Differential diagnosis. This new species is similar to Chrysoteuchia picturatella (South, 1901), C. gonoxes (Bleszynski, 1962) , and C. dentatella Song & Chen, 2001 in having an apical prong on the sacculus and a well-developed apical spine on the phallus in the male genitalia. In female genitalia, it also resembles the above three species in having two lateral spines on the posterior margins of the lamella postvaginalis, and double signa on the corpus bursae. However, the new species can be easily distinguished by lacking fasciae on the forewing (Fig. 5) , the presence of a crescent-shaped protuberance on the costa of the valva in male genitalia (Fig. 6) , and the female antrum ending with two small triangular projections on the lateral margins (Fig. 7) . In the latter three species, the forewing fasciae are well developed, the costa of the valva is armed with spine-like projections, and the antrum is without distal spines (Bleszynski 1965; Song and Chen 2001) .
Description. Adult (Figs 3-5): Forewing length 11.0-13.0 mm. Frons white mixed with pale brown. Vertex white. Labial palpus approximately twice as long as compound eye diameter, pale brown on outer side, white on dorsal and inner sides. Maxillary palpus white, basally pale brown. Antenna scapus white mixed with pale brown; flagellomere blackish brown. Patagium and tegula pale brown. Thorax blackish brown. Forewing densely covered with brown scales, apex suffused with black and white scales; termen of apex black, four terminal black dots running from middle of termen to tornus; cilia pale brown. Hindwing greyish white, suffused with pale brown scales around apex and along veins; cilia greyish white.
Male genitalia (Fig. 6 ): Uncus thin and long, tapering to blunt apex, tip slightly curved downward on lateral view. Gnathos straight, a bit shorter than uncus, tapering to point tip. Tegumen approximately twice as long as gnathos, with broad dorsal bridge. Valva broad at basal half, distal half narrowing towards apex, apex rounded. Costa with crescent-shaped protuberance near base, basal half strongly sclerotised and gently convex, concave near middle. Sacculus basally narrow, broadened towards distal prong; distal prong nearly triangular, tip pointed and reaching costa. Juxta ovate. Sac- Figures 3-7 . Chrysoteuchia landryi sp. nov. 3-6 holotype, male 7 paratype, female 3 head in lateral view 4 head in dorsal view 5 adult 6 male genitalia 7 female genitalia. cus broad, concave at middle of distal margin. Phallus slightly shorter than valva, apical spine well-developed, ending with triangular prong; cornutus absent.
Female genitalia (Fig. 7) : Papillae anales broad, concave on posterior margin. Tergite VIII coalescing with antrum. Lamella postvaginalis developed, slightly broader than antrum, medially convex, posterolaterally with long spine. Antrum strongly sclerotised, approximately three times as thick as median part of ductus bursae, ending with two small triangular projections at lateral sides. Ductus bursae long and thin, membranous; ductus seminalis arising from posterior one fourth of ductus bursae. Corpus bursae ovate; signa double, oblong and lotus flower-shaped, consisted of tiny spines with various sizes.
Distribution. Currently only found at Galongla Snow Mountain, in Mêdog County, Tibet of China. Natural history. Unknown except that the moths are in flight in late July and come at light. The habitat of this species is identical to that of Metaeuchromius glacialis Li, 2015 and Scoparia spp., collected at the foot of Galongla Snow Mountain. Most parts of the mountain are covered with snow; the vegetation at the bottom is a blend of alpine meadows, shrubs, and conifers on the south slope (Li and Liu 2015; Li et al. 2016) .
Etymology. In honour of Dr Bernard Landry, who contributed profoundly to systematic research on the subfamily Crambinae, and who substantially contributes to the catalogue of the world Crambinae species in GlobIZ (www.pyraloidea.org). Antenna scapus white mixed with grey dorsally, pale brown ventrally; flagellomere pale brown and white alternately on dorsal surface, pale brown on ventral surface. Forewing ground colour white, costa densely covered with blackish brown scales between base and subterminal fasciae, the remaining suffused with sparse blackish brown scales along veins; median fascia blackish brown, angled outwards at anterior one fourth; two subterminal fasciae yellowish brown, out-curved at anterior one third; terminal area pale yellow; terminal fascia black, with three evenly spaced black spots; cilia shiny, pale brown, with greyish white basal line. Hindwing and cilia greyish white. Abdomen pale brown.
Chrysoteuchia curvicavus
Male genitalia (Fig. 10) : Uncus apically curved downwards in lateral view, tapering to blunt apex. Gnathos basally broad, tapering to point tip, a bit shorter than uncus. Tegumen nearly four times as long as gnathos, with narrow dorsal bridge. Valva with sclerotised basal line near middle, apical quarter nearly triangular. Costa concave at approximately basal three-fifths. Sacculus narrow and thin, distal prong well-developed and reaching beyond apex of valva. Juxta heart-shaped, basely narrow, broadened towards tip, distal margin slightly concave. Phallus approximately half as long as valva, basal half broad, distal half narrowing towards tip and armed with two sclerotised wrinkles, apex pointed; cornutus absent.
Distribution. China (Sichuan, Fujian).
Remarks. The male of C. curvicavus is described for the first time. This species is similar to C. atrosignata (Zeller, 1877) in having an apical prong on the sacculus and a pointed apex on the phallus in the male genitalia. However, it can be easily distinguished by the distal prong of the sacculus reaching beyond the apex of the valva, and the phallus approximately half as long as the valva and armed with two sclerotised wrinkles (Fig. 10) . In the latter species, the distal prong of the sacculus reaches beyond the costa at the basal three-fifths of the valva and the phallus is nearly as long as the valva and without sclerotised wrinkles (Bleszynski 1965) . The female of this species was described and figured adequately by Chen et al. (2001) .
Discussion
At present, the genus Chrysoteuchia includes 36 species worldwide, and all of them occur in China except for C. topiaria (Zeller, 1866) and C. argentistriellus (Leech, 1889) , which are endemic to North America and Korea, respectively. Among them, 22 species were originally described from 1758 to 1965 (Bleszynski 1965) . No species were described between 1965 and 2001, but a renewed interest in the genus added another eleven species in the early 2000's, all described from China (Chen et al. 2001 (Chen et al. , 2003 Li and Li 2010; Li and Liu 2012) .
In this study, we show that Bio18 (precipitation of the warmest quarter) is the most important variable with respect to the distribution patterns of the genus (Table 1) , with most known presence sites located within the regions with 310-867 mm precipitation of the warmest quarter (Fig. 2) . However, the region to the south of 24°N, which has suitable precipitation has low logistic values of potential habitats and few recorded localities (Figs 1, 2) . This can be explained by the aid of Bio11 (mean temperature of the coldest quarter), the strongest predictor of the temperature variables. According to the response curve of Chrysoteuchia to Bio11 (Suppl. material 2: Fig. S1 ), we can conclude that the suitable temperatures for the Chrysoteuchia occurrences are between -40 °C and 25 °C. These manifest that the species of this genus are humidity dependent and cold tolerant but find it difficult to colonise the relatively hot areas. The spectrum of tolerat-ed temperatures in Chrysoteuchia suggests a dispersion to higher altitudes or latitudes in some species to avoid the hot weather in South China. Furthermore, some members of the genus may be considered as potential bioindicators with respect to global warming.
